The Altenberg-Teplice Volcanic Complex (ATVC) exposed on both sides of the German-Czech border in the Erzgebirge/ Krušné hory Mts. is one of the earliest late-Variscan to post-Variscan volcanic centres in Europe. The ATVC features an early volcanosedimentary succession preserved in the Schönfeld-Altenberg Depression Complex (SADC), covered by voluminous ignimbrites and lavas of the Teplice Rhyolite (TR). Published radiometric age dating of ATVC rocks and associated mineralizations suggest a Lower Namurian (Serpukhovian) age for the SADC. The SADC (10 × 15 km) was subdivided into the Schönfeld-Pre-Eruptive Sediments (SPES), and the volcanosedimentary successions of the Lower Schönfeld Complex (LSC) and the Upper Schönfeld Complex (USC). The SPES (maximum thickness of 60 m) is deposited on metamorphic basement and consists of sandstones and conglomerates with variable types of metamorphic clasts; it also contains carbonaceous layers. The LSC sequence starts with widespread, fine-grained ignimbrites (maximum thickness of 153 m) of rhyolitic composition. The explosive phase of the LSC was followed by the formation of (trachy-)dacitic lava(s) and subvolcanic bodies. The USC sequence commences with coarse-grained talus deposits, consisting of metamorphic clasts, indicating a major tectonic activity. Lavas and pyroclastic rocks dominate the USC in the southern part, whereas in the Schönfeld area (northern part), lava dome explosion-related pyroclastic and sedimentary deposits, alternating with carbonaceous layers, prevail. Charcoal fragments and fine charcoal dust is present in all SADC units as layers, or in the matrix of volcanosedimentary deposits. Allochtonous anthracite seams in the USC that were subject to historic mining in the Schönfeld area consist of a bedded alternation of carbonaceous deposits with clays to siltstones. Presumably, formation of charcoal was related to explosive eruptions and/or wild fires, and redeposition by alluvial processes. The SADC volcanic rocks are classified as dacites, trachy-dacites and rhyolites, having unusually elevated concentrations of Ti and compatible elements like Cr and V. Compared to the LSC, the USC volcanics show a less alkaline affinity. The studied samples are isotopically homogeneous, with εNd 325 = -2.4 to -3.3 and 87 Sr/ 86 Sr 325 = 0.70556-0.70626, pointing to a common source of magmas for both the LSC and the USC. The two-stage Nd model ages vary between 1.2 and 1.3 Ga, similar to coeval Saxothuringian granites from the Erzgebirge Mts. as well as volcanic rocks from the Intra-Sudetic Basin.
Introduction
The Laurussia-Gondwana collision has driven the geological processes throughout Central Europe during the Late Paleozoic. In the late Variscan to post-Variscan phase, intense magmatism led to the formation of numerous large intrusive and effusive complexes (Timmerman 2008) . In the Erzgebirge/Krušné hory Mts. block, which forms an integral part of the Saxothuringian Zone (Kroner and Romer 2010), magmatic activity as early as Up-The ATVC includes the volcanosedimentary Schön-feld-Altenberg Depression Complex (SADC), covered by the voluminous Teplice Rhyolite (TR) built mainly by welded rhyolitic ignimbrites. The SADC represents the earliest preserved post-Variscan volcanosedimentary complex, and its study has the potential to shed some light on early post-Variscan evolution of the Bohemian Massif. Significant amounts of isolated observations and data on the SADC are disseminated in publications and unpublished reports but a comprehensive study summarizing the volcanosedimentary and magmatic evolution of the SADC has been missing so far. The aims of this paper are to (i) provide a synthesis on the SADC based on published and unpublished data accumulated on both sides of the Czech-German border during mapping, exploration and basic research, and (ii) characterize the nature, setting and evolution of the SADC. Furthermore we present and discuss whole-rock geochemical data and Sr-Nd isotope ratios of the SADC volcanics.
Geological setting and previous studies
The Schönfeld-Altenberg Depression Complex (SADC) comprises, together with the Teplice Rhyolite (TR), the Altenberg-Teplice Volcanic Complex (ATVC; Moesta 1929). The ATVC is deposited on, and surrounded by, metamorphic rocks of the Saxothuringian nappes (Kroner et al. 2007; Schulmann et al. 2014) . Also in the ATVC, metamorphic rocks of the subsided 'Altenberg Block' are exposed. Paragneisses predominate, but remnants of Paleozoic low-grade metamorphic rocks are also preserved (e.g., in the area near Schönfeld, partially underlying the SADC) which mainly consist of phyllites and metabasites (Mlčoch 1989; Hoth et al. 1995) .
The undated Fláje biotite granite is considered as pre-TR (Štemprok et al. 2003; ) and only future studies may reveal a possible genetic relation to the SADC. The ATVC resembles a large caldera structure with an elliptical shape and a north-south extent of c. 35 km (Fig. 1; Benek 1991; Mlčoch and Skácelová 2010) . The TR is a thick rhyolitic caldera-fill succession (≤ 1000 m, Mlčoch and Skáce-lová 2010), dominated by crystal-clast-and pumice-rich welded ignimbrites (Lobin 1986) . The TR also contains subordinate lava complexes and two intercalations of volcaniclastic sediments, suggesting step-wise caldera evolution. The TR caldera has been characterized as a trap-door type with the strongest subsidence on the eastern side (Benek 1991) .
Altenberg

K r u š n é h o r y F a u lt
During the late phase of the ATVC evolution, coarsely porphyritic microgranites were emplaced (the AltenbergFrauenstein microgranite; Müller and Seltmann 2002; Müller et al. 2005; Breiter et al. 2012 Breiter et al. , 2013 . These thick porphyry dykes form an almost continuous ring around the ATVC (Müller and Seltmann 2002; Mlčoch and Skácelová 2010) . Romer et al. (2010) reported a U-Pb age on zircon of 319.2 ± 2.4 Ma for a microgranitic dyke crosscutting the Teplice Ignimbrite. Later, monzo-to syenogranites (Schellerhau granite: Pälchen and Ossenkopf 1967) and Sn-Li granites (Altenberg, Cínovec) were also emplaced (Förster et al. 1999; Johan et al. 2012; Štemprok and Blecha 2015; Štemprok 2016) . Limicas from the late Li granites gave Ar-Ar ages in the range between 312.6 ± 2.1 and 314.9 ± 2.3 Ma (Seifert et al. 2011) . Molybdenite mineralization in the greisen cupola associated with these late granitic intrusions was dated by Re-Os system (molybdenite) at 323.9 ± 2.5 and 317.9 ± 2.4 Ma , as well as at 322.4 ± 5.5, 321.4 ± 3.8, 319.2 ± 2.0 and 315.3 ± 2.0 Ma (Ackerman et al. in print) . The existing geochronological data from the post-TR granitic intrusions and related greisens (affecting the pre-existing TR and granite porphyry dykes) indicate that the hiatus between the SADC and the TR, respectively, was significantly shorter than suggested by previous palaeobotanic studies (Lobin 1986) .
During the Cenozoic, the northern part of the ATVC was uplifted along the SW-NE-trending Erzgebirge/ Krušné hory Fault, whereas the southern part subsided and is almost completely covered by Mesozoic-Cenozoic sediments (Mlčoch and Skácelová 2010) .
Geological interest for the SADC reaches back to the mid-18 th century when extraction of low-volume, highly matured coal seams started in the Schönfeld area (Figs 1-2; Geinitz 1856; Wolf 1960) . The SADC has been subdivided (Wolf 1960; Lobin 1986; Schneider et al. 2005; Förster et al. 2008) , from base to top, into: the 'Putzmühle Formation' (here named Schönfeld pre-eruption sediments, SPES), the 'Schönfeld Rhyolite' (here Lower Schönfeld Complex, LSC), and the 'Schönfeld Formation' with the overlying 'Mühlwald Formation' (here Upper Schönfeld Complex, USC). Based on our investigation, the old names are not precise enough or misleading; e.g. Gothan 1932; Lobin 1986) . Hoffmann et al. (2013) presented a well-constrained U-Pb zircon age of 326.8 ± 4.3 Ma from the lowermost ignimbrite of the LSC in drillcore Mi-4, suggesting, together with the published radiometric data set displayed above, an assignment of the SADC to the Lower Namurian (Serpukhovian). Numerous studies (published and unpublished reports, diploma-, bachelor-, master-and PhD studies) have been carried out until the 1980s on the ATVC and underlying metamorphic units. Lobin (1986) compiled a comprehensive review for the German and Jiránek et al. (1987) for the Czech parts.
Methods
Petrography
Existing outcrops and preserved drill cores from the SADC have been carefully re-evaluated or described and sampled for the first time. More than 500 borehole reports have been examined for the presence of various SADC units and 90 boreholes yielded positive results. Further analytical work focused on drill cores from four selected drills and outcrop samples (Electronic Supplementary Material 1).
Description of volcanic and sedimentary textures includes grain size, content and size of lithics, pumice, phenocrysts and crystal clasts. Modal composition (approx. 1000-1500 points) and maximum particle size (MPS, mean of three largest grains: Tab. 1) have been analysed on rock slabs and in thin sections. Coal-rich layers in the USC of the borehole 2055/85 (Fig. 3) have been sampled for palynological analysis. The attempt was unsuccessful due to a high degree of maturation.
Petrophysical properties
Altogether 78 specimens from drill cores and outcrop samples were measured for petrophysical properties to support the drill-log and geochemical data (Electronic Supplementary Material 2). The bulk-rock magnetic susceptibility was measured by portable kappa-meter Brno) . Samples taken from the drill core were then drilled parallel to the core axes and one or two specimens were obtained (20 mm high and 23 mm in diameter). These specimens were used for complex petromagnetic measurements. The mean magnetic susceptibility K mean was measured in the lab of the AGICO, Ltd., Brno, using the Kappabridge KLY2. Laboratory gammaray spectrometry (subcontracted by GeoRadis Brno) was applied on the same samples in order to determine concentrations of elements with naturally radioactive isotopes (K, Th and U). Major-element analyses were carried out in the laboratories of the Czech Geological Survey, Prague. The analytical methods included atomic absorption spectrometry, photometry and titration with complexon III, following methods described by Dempírová et al. (2010) .
Bulk-rock geochemistry
The trace-element concentrations in the samples from outcrops and drill cores 2055/85, 2150/87 and 874/68 have been measured using a ARL9400 XRF analyzer (Cr, Nb, Ni, V) or a ThermoFisher Scientific X Series II ICP-MS (Ba, Ga, Hf, Pb, Rb, Sr, Th, U, Zr, Y, REE), both housed at the Czech Geological Survey in Prague (CGS). For the ICP-MS determinations, the sample decomposition involved fusion in a Pt-beaker with LiBO 2 -Na 2 CO 3 mixture. The trace-element concentrations in the Mi-4 drill core samples were measured using an Agilent 7900x ICP-MS (Ba, Co, Cr, Cs, Cu, Ga, Hf, Li, Nb, Ni, Pb, Rb, Sc, Sr, Ta, Th, Tl, U, V, W, Zn, Zr, Y, REE), housed at the CGS, following dissolution in a mixture of concentrated HNO 3 -HF and equilibration with HCl. Basalt BHVO-2 (USGS) and rhyolite JR-2 (GSJ) were run together with unknown samples for quality control (Electronic Supplementary Material 4). Their concentrations are in agreement with published values (Jochum et al. 2005) .
The dataset was supplemented by two samples (2055_100 and 2055_109; Tabs 2 and 3) of the USC top fallout analysed for major-and trace-elements in the ACME laboratories, Vancouver, Canada using the LF202 method package. Major-element concentrations were obtained by Inductively-Coupled Plasma Emission Spectrometry (ICP-ES), trace-element concentrations by Inductively-Coupled Plasma Mass Spectrometry (ICP-MS). The sample was leached in hot aqua regia for determination of Cu, Ni, Pb and Zn, whereas for 
Sr-Nd isotopes
Four representative samples corresponding to the main units were selected for the Sr-Nd isotope analysis (Tab. 4). Approximately 100 mg of a powdered sample was digested in ~2:1 HF-HNO 3 mixture at 140 °C. After evaporation, the samples were dried down repeatedly with 2 ml of concentrated HNO 3 , and once with 500 µl of 1M HNO 3 -0.1 M ascorbic acid to reduce the amount of Fe III . Strontium and REE fractions were isolated from the bulk matrix by the column chromatography techniques using a 4 ml column packed with Bio Rad AG50W-X8 resin (200-400 mesh). The Sr-spec resin (Triskem Int.) was used for isolation of Sr (Pin et al. 2014) . The Nd was separated using the Ln resin (Pin and Zalduegui 1997 
Results
Distribution, lithostratigraphy, petrography and petrophysical characteristics of the SADC
Main outcrops of SADC rocks are present near the villages of Ammelsdorf, Bärenfels, Hermsdorf and Schön-feld (Fig. 1) . Small isolated outcrops have been reported by Lobin (1986) from the area west of Altenberg. In the German part of ATVC numerous exploration boreholes detected SADC rocks, covered in places by TR volcanics (Fig. 4) . In the Czech Republic, only the borehole Mi-4 penetrated a thick SADC succession (Figs 1, 5 ). Field relations (Beck 1887) reveal three types of contact with the metamorphic basement: (i) depositional (e.g., near Schönfeld), (ii) faulted (e.g., southeast of Hermsdorf), and (iii) intrusive (northeast of Hermsdorf). Schönfeld pre-eruptive sediments (SPES), mapped in the area between Ammelsdorf and Hermsdorf, comprise up to 60 m of non-volcanogenic, sandy conglomerates to conglomerates (Fig. 4a) . They formed in alluvial fan and fluvial environments, accumulating gneiss debris and thin, highly mature, vitrain coal horizons (Lobin 1986, and references therein). Fine-to medium-grained sandstones and carbonaceous claystones dominate the region near Hermsdorf. East of Schönfeld, rounded cobbles up to 50 cm in size occur representing various types of gneiss, vein quartz and quartzite. Notably, granitoid clasts are absent.
For the region north of Ammelsdorf, Lobin (1986) depicted out-and subcrops of clastic deposits assigned to the SPES. During revisiting the outcrops and re-evaluation of borehole records (in particular drilling 2067/85; Fig. 4b ), we detected volcanic clasts making an association with USC (Upper Schönfeld Complex) more likely (Fig. 4c) . Also the thickness of up to 110 m (Lobin 1986) renders attribution to the USC more probable. Also in borehole 2142/87, located about 5 km north of Oberbärenburg, a conglomerate of 5.5 m thickness comprising gneiss clasts has been detected and attributed to the SPES (Fig. 4a) .
Near Hermsdorf a coal exploration tunnel was excavated; Geinitz (1856) collected poor plant remains (Lycopodiaceae) from the heaps. In drillcore 2055/85 sediments with a coaly-silty matrix and medium sand-to granule-sized components were identified (bed thickness ≤ 1 m); two intercalations (20 and 40 cm) of anthracite coal beds have been observed (Fig. 3) . Finally, Dalmer (1890) reported a succession (a few metres thick) of gneiss conglomerates, sandstones and anthracite layers detected in a tin mine east of Altenberg (Zwitterstock, "Z" in Fig. 4a ; see also Lobin 1986).
In all analysed boreholes, the SPES and the underlying metamorphic basement have lower total gamma radiation values compared to the LSC volcanics (e.g. Lower Schönfeld Complex (LSC) occurs in a continuous strip of outcrops between Hermsdorf and Bärenfels (Figs 1, 4b) . Furthermore, the LSC has been identified in boreholes below the TR in the area between Schönfeld and Ammelsdorf, north and south of Altenberg (Fig. 4b) , and in Mi-4 (Fig. 5) . Finally, in the northern ATVC, LSC rocks have been observed in boreholes 2142/87 and 2067/85, covered by the TR (Fig. 4b) . Lobin (1986) reported a thickness of up to 160 m for the LSC. However, in Mi-4 (Fig. 5) we assign 304 m of volcanic and subvolcanic rocks to the LSC, based on whole-rock geochemistry.
Our observations reveal that the LSC comprises two volcanic facies: (i) fine-to coarse-grained ignimbrites and fallout tuffs, and (ii) a complex of lava and subvolcanic bodies including weakly porphyritic rocks of dacite and trachydacite to rhyolite composition.
In the Hermsdorf area numerous boreholes and outcrops document a fine-grained, crystal-rich ignimbrite (drilling 874/68: 153 m thickness). The lower part of the ignimbrite is formed by a tuff, with intercalations of anthracite (≤ 1 m) and carbonaceous claystone (≤ 2 particle size (MPS) between 1 and 3 mm (Fig. 8b) .
Further occurrences of LSC ignimbrites with plagioclase clasts up to 5.4 mm (Fig. 8b) have been detected in the Hermsdorf quarry, at outcrops 2 km NE of Hermsdorf, in borehole 276/69 in Schönfeld, and at outcrops in the Pöbelbach Valley northeast of Schönfeld (Fig. 4b) . Field relations in the Hermsdorf area suggest that the coarse-grained ignimbrites are younger than the thick fine-grained unit described above. However, stratigraphic position of the isolated outcrops within the LSC remains unclear.
Lobin (1986) documented a number of boreholes drilled in the Hermsdorf area, where the LSC ignimbrites are clearly overlain by LSC lava. In a continuous strip of outcrops from Hermsdorf to Schellerhau, flowbanded, in places lithophysae-bearing porphyritic lava and subvolcanic bodies occur. The partly subvolcanic character is suggested on the basis of intrusive field relations with the metamorphic basement and with the SPES, and due to the absence of textures typical of lava carapace as described on drill cores of lava complexes in the US by Manley and Fink (1987) . The altered coherent rocks contain 20 to 35 vol. % of phenocrysts (plagioclase and biotite -Figs 6d, 7d, 8a) and varying amounts of quartz xenocrysts, more frequent in isolated lenses in the coherent dacite.
In Mi-4, a c. 250 m thick homogeneous body of porphyritic volcanic rock was discovered overlying fine-grained LSC ignimbrites ( Figs  5, 6c, 7c) . It is covered, with a sharp contact, by USC ignimbrite. A lack of a top breccia and of other typical carapace textures in the upper part of this body justifies the interpretation of this unit as a laccolith. The higher 5 ). These two LSC units have also different total gamma-radiation values measured by well-logging (LSC ignimbrite < laccolith). However, this is only weakly supported by the U, Th and K concentrations obtained from laboratory radiation measurements (Fig. 5) , where only a negligible increase in Th can be observed. Alternatively, well-logged lower gamma-ray radiation can be explained in terms of primary porosity and natural moisture of the ignimbrite shading the radiation. The overlying TR pyroclastics clearly show higher radiation, mainly due to elevated Th values (Electronic Supplementary Material 2) .
In Mi-4, the LSC ignimbrite has lower gamma activity values compared to the laccolith, with the overlying USC ignimbrite showing still higher values. On the contrary, in borehole 2055/85 the LSC ignimbrite yields slightly higher gamma activity than the USC volcanoclastics. Also the USC lava in borehole 2150/87 has gamma activity values comparable to those detected in the USC of borehole 2055/85.
The up to 207 m thick Upper Schönfeld Complex (USC) is represented by a volcanosedimentary succession which, in the Schönfeld area, starts with thick talus deposits (up to 50 m; Figs 2-3). The faintly stratified talus breccias are clast-supported with boulders up to 1.5 m across, consisting mainly to exclusively of gneiss. The matrix between the boulders is dark and carbonaceous.
The USC volcanosedimentary succession crops out in and east of Schönfeld, north of Ammmelsdorf, on the eastern slope of the Rote Weißeritz Valley near Oberbärenburg, and south of Oberbärenburg (Figs 4c, 9) . Small isolated outcrops have been mentioned by Lobin (1986) from the area southwest of Altenberg (Fig. 4c) . Numerous boreholes document USC rocks, overlain by TR volcanics north of Ammelsdorf, between Ammelsdorf and Schönfeld, near Oberbärenburg and south of Altenberg, as well as in 5) . Near the eastern margin of the ATVC, a number of boreholes detected volcanosedimentary units (≤ 15 m) which may belong to the USC (Fig. 4c) . Alternatively, they may represent any volcaniclastic sediment intercalations which have been reported to occur within the TR succession (Lobin 1986) . Also the TR in Mi-4 features these coaly volcaniclastic intercalations (Breiter et al. 2001; Hoffmann et al. 2013) .
The USC succession varies strongly between different regions. The Schönfeld area is dominated by volcanosedimentary facies whereas the area south of Altenberg and beyond the German-Czech border is characterized by the predominance of coherent volcanic rocks. In the Schönfeld area, the talus deposits are overlain by mass flow and fluvial deposits of an alluvial fan facies (18 m in drilling 2055/85, Fig. 3 ). Near Oberbärenburg, outcrops of fine-grained alluvial plain deposits mostly consisting of coaly clays to sands represent this early USC stage (Fig. 9) . A strong lateral facies variation is documented by the presence of coarse-grained volcaniclastic beds detected in the nearby borehole 111/70 (Fig. 9) .
In the Schönfeld region, an alternation of volcaniclastic mass flow deposits and coal seams dominates the USC lithology (Figs 2-3 ). Within the volcaniclastic deposits, breccias of monomict or polymict composition, and fine tuff layers occur, with thickness ranging between a few mm and ~1.5 m. The mass flow deposits are generally poorly-sorted, but mostly clast-supported with predominantly angular to sub-rounded clasts (Figs 6b, 7a) . Bed thickness ranges between a few mm and ~1.5 m. Volcanic clasts contain abundant plagioclase and biotite phenocrysts and glassy matrix (replaced by clay minerals). In borehole 2055/85 the SADC succession ends with a ~11 m thick clast-supported and well-sorted lapillistone (Fig.  3) . The plagioclase-and biotite-rich dark-grey unit is interpreted as a proximal fallout (Fig. 6a) . From boreholes drilled in the area north of Schönfeld, Lobin (1986) described the Mühlwald Horizon, a ≤ 23 m thick succession of sediments, which contains reworked USC material. However, in our study we did not recognize this unit.
Apart from the volcaniclastic deposition which probably was related to the formation and explosive destruction of intermediate lava domes, the USC in the Schönfeld area reveals non-volcanogenic sedimentation in the form of coal seams and clast-supported gneiss talus. The highly mature coal seams (thickness: 10 cm to 8 m; vitrinite reflection values between 2.80 and 5.97; Künstner 1979; Weinlich 1979) show a thin-bedded alternation of coaly claystone and anthracite. This fact and the presence of rounded vitrinite aggregates both point to allochthonous provenance of the plant debris (see also Wolf 1960) .
Based on whole-rock geochemical composition we assign volcanic rocks to the USC documented in boreholes south of Altenberg (2018 Altenberg ( /85, 2150 Altenberg ( /87, 2153 , and in Mi-4. The USC rocks in the boreholes south of Altenberg (thickness ≤ 207 m) experienced a strong alteration; the relict porphyritic texture suggests a coherent volcanic protolith. The top 21 m of the SADC sequence in Mi-4 feature a pumice-rich ignimbrite (Fig. 7b) overlain by a partly reworked fallout deposit.
4.2. Bulk-rock geochemistry and radiogenic isotope systematics Pälchen (1968) and Wetzel (1984) provided the first geochemical data from LSC rocks. The new analytical data are listed in Tabs 2 and 3. The samples cover all volcanic units described above. The two Schönfeld complexes (LSC and USC) differ from each other in alkalinity. The position of the LSC rocks in the TAS diagram (Fig. 10a-b, Le Maitre et al. 2002) with the sum of alkalis (6.0-9.5 wt. %) separates this group clearly from the less alkaline USC rocks. For rhyolitic and dacitic rocks somewhat elevated contents of Ti (Tab. 2) result in lower Zr/Ti ratios and the SADC rocks thus tend to the field of more basic rocks in the Nb/Y vs. Zr/Ti discrimination diagram (Fig. 10c, Pearce 1996) . The presence of quartz in LSC ignimbrites and relatively high proportions of Kfeldspar correspond well with the position of the studied rocks in the TAS diagram. The lower part of the LSC, consisting of ignimbrites, is chemically more differentiated with higher silica (68.8-73.8 wt. %, except SÖ-22A: SiO 2 = 65.9 wt. %), and lower TiO 2 (0.20-0.33 wt. %, except SÖ-22A: TiO 2 = 0.71 wt. %) compared with the overlying massive LSC dacites to trachydacites (SiO 2 = 64.5-68.6 wt. %; TiO 2 = 0.5-0.7 wt. %). The LSC ignimbrites have a more pronounced negative Eu anomaly (Eu/Eu * = 0.58-0.72, one sample at 0.83) compared to the LSC dacites (Eu/Eu * = 0.74-0.91), reflecting a more differentiated character or a different magmatic source of the ignimbrites. The coherent dacites are characterized by higher total REE contents (ƩREE = 165-210 ppm) and steeper chondrite-normalized REE patterns (La N /Yb N = 17.4-20.7, normalization after Boynton 1984; Fig. 11a ) compared to the LSC ignimbrites (ƩREE = 85-130 ppm, La N /Yb N = 7.5-11).
Most USC volcanics display subtle compositional variations. Only negligible differences were observed between lavas and mass-flow deposits, suggesting that the mass-flow deposits were derived from the lavas and are dominated by lava clasts (as observed in thin-sections) with a little admixture of a non-volcanic material (also scarce organic fragments found in thin-sections). Most USC rocks plot in the dacite field in the TAS diagram ( Fig. 10b) with much lower alkalis (4.5-7 wt. %) compared to the LSC. The only exception is the late rhyolitic fall-out deposit (Figs 3, 6a) with high silica and variable contents of alkalis. The more differentiated character of this unit is also reflected in lower TiO 2 content (0.23-0.30 wt. %) contrasting with the significantly higher TiO 2 contents of the other members of the USC (0.58-0.81 wt. %). In the spiderplots normalized by the average lower crustal composition (Taylor and McLennan 1995) , the USC rocks are characterized by a very strong negative Sr anomaly (Fig. 11b) , which is more pronounced in the case of the fallout deposit. The lavas, ignimbrites and mass-flow deposits of the USC have the highest REE contents (ƩREE = 174-305 ppm), but the patterns evolve parallel to those of the LSC lavas (La N /Yb N = 15.9-19.7). They feature a negligible or absent Eu anomaly, which can be even slightly positive (Eu/Eu * = 0.7-1.16, Fig. 11a ).
The composition of SADC rocks can be compared with experimental melts of various possible crustal sources (Patiño Douce 1999; Fig. 12 
Discussion and scenario of volcanosedimentary evolution
Volcanosedimentary facies analysis and evaluation of geochemical data reveal that the SADC evolution involved three main stages (Fig. 14) , presumably during the Late Mississippian (c. 326 Ma). The peak of deformation and metamorphism in the underlying basement of the eastern Erzgebirge is poorly dated at c. 330 Ma (Romer and Hahne 2010) . This implies a relatively rapid uplift and partial erosion of the metamorphic nappes. Formation of the basin possibly started with extension along NE-SW oriented lineaments (Fig. 14a; Lobin 1986) . This orientation contrasts with the overall shape of the ATVC, and with regional NW-SE trending faults such as the Elbe and the Brandov-Olbernhau lineaments. However, it matches the orientation of the extended Berggießhübel-Sayda dyke swarm exposed in close northern and eastern vicinity of the ATVC (Wetzel 1984; Winter et al. 2008 and references therein) . Grain size and palaeocurrent analysis indicate sediment transport towards the south (SPES), into alluvial fans near Schönfeld and into the alluvial plains near Hermsdorf as well as further south (Lobin 1986) . The original extent of the SPES may have been larger; however, subsequent tectonic activity and extensive erosion resulted in the patchy out-and subcrop distribution (Fig. 4a) . The crystal-rich, fine-grained LSC ignimbrites, detected in boreholes 2055/85 and Mi-4, and in the Hermsdorf area, with a present-day minimum areal extent of c. 35 km², are the product of a major explosive eruption. The presumably sub-Plinian event led to the accumulation of thick, massive and weakly welded pyroclastic flow deposits. Its initial phase was characterized by an alternation of pyroclastic deposition and sedimentation of non-volcanic sediments ('basal tuff' in Fig. 4b) . Based on the thickness distribution and the location of known LSC subvolcanic bodies, an important vent possibly was located east of Hermsdorf (Fig. 14b) . The deposition of LSC ignimbrites culminated by coarse-grained ignimbrite in this area. The presence of the porphyritic laccolith in Mi-4 suggests that another conduit system was located in the south.
The presence of paleo-talus gneiss deposits at the base of the USC in the Schönfeld area indicates prominent tectonic activity that took place at the onset of USC deposition. Presumably normal faulting lead to the formation of foot wall scarps exposing metamorphic basement.
During the USC formation, the Ammelsdorf-Schönfeld area presumably was a volcaniclastic apron of a major dacitic lava dome complex located south of Altenberg. Some pyroclastic flows also reached the Mi-4 area in the south. The volcaniclastic apron accumulated mass-flow deposits, alternating with coal-rich sediments. Volcaniclastic mass flow deposits alternating with coal layers are a frequent feature of Carboniferous-Permian basins throughout Europe (e.g. Dill 1987, Reichel and Schneider 2012) . The USC mass-flow deposits are dominated by angular to sub-rounded clasts of lava, an observation also supported by their whole-rock geochemical compositions. The debrites therefore most likely represent monomict lava-derived lahars or block-and-ash flow deposits. Probably, the USC block-andash flows moved through forests causing wild fires and producing large amounts of charcoal (see accounts on subrecent volcanic centres e.g. by Hudspith et al. 2010 , and experimental studies e.g. by Sawada et al. 2000) . Later alluvial reworking of the block-and-ash flow deposits par- tially separated dense volcanic from less dense coal fragments. The cause of the apparent high maturity of the coal seams in Schönfeld (Wolf 1960; Lobin 1986 and references therein) remains unclear. Today's distribution of SPES, USC and LSC units does not reveal any significant shift of basins during the SADC evolution. As already pointed out by Lobin (1986) the SADC units experienced considerable erosion.
Evolution of the chemical composition within the LSC (up-sequence decrease in SiO 2 , increase in TiO 2 , Cr, V) and weakening of the negative Eu anomaly would suggest gradual exhausting of a common zoned magma chamber (e.g., Blake 1981; Bacon and Druitt 1988). If so, an upwards decrease in total REE contents and LREE/ HREE ratios (i.e. increasing ƩREE and LREE/HREE with increasing differentiation) would be expected, but the opposite trend is observed in the succession.
The USC differs from the LSC generally in lower alkalinity, and a strong negative Sr anomaly in the average lower-crust normalized spiderplots. Based on the chemical composition, the USC rocks can be subdivided into two groups. Lavas, mass-flow deposits and ignimbrites have relatively uniform composition with high ƩREE and no Eu anomaly. The top fallout differs from the rest of the USC suite not only in higher silica and more pronounced depletion in Sr, but also in stronger negative Eu anomaly (Eu/Eu * = 0.3-0.6; Fig. 11a ), low TiO 2 , Zr and also Cr. Erzgebirge granites (Förster et al. 2009; Förster and Romer 2010) Žulová granite (Laurent et al. 2014) Intrasudetic basin volcanic rocks (Ulrych et al. 2004) Rhyolites for four samples of -2.4 to -3.3 are significantly higher (i.e. more primitive) than Saxothuringian sediments (-7.0 to -11.6; Romer and Hahne 2010) , and also unaltered rhyolites from comparable Halle Volcanic Complex of similar age (ε Nd = -6.7 to -7.0; Romer et al. 2001) . On the other hand, Sr and Nd isotopic compositions resemble the nearby Erzgebirge granites (Förster et al. 2009; Förster and Romer 2010) . Interestingly, the isotopic fingerprint is also close to more distant PermoCarboniferous magmatic products such as Intra-Sudetic Basin volcanic rocks or the Žulová granite ( Fig. 12 ; Ulrych et al. 2004; Laurent et al. 2014) .
The new two-stage Nd model ages (1.2-1.3 Ga) are close to those calculated for the Erzgebirge granites (~1.3-1.5 Ga; Förster et al. 2009 
Conclusions
• The Schönfeld-Altenberg Depression Complex (SADC) represents the oldest post-orogenic volcanosedimentary complex in the Variscan Bohemian Massif.
• The entire complex can be subdivided into three units:
Schönfeld-pre-eruptive sediments (SPES), Lower Schönfeld Complex (LSC) and Upper Schönfeld Complex (USC).
• The volcanic activity consisted of ignimbrite-forming eruptions, lava effusions with associated block-and-ash flows, and subvolcanic magma emplacement. • The volcaniclastic material was transported in the form of pyroclastic flows, mass-flows and ash-clouds depositing fallouts.
• Syn-volcanic tectonic activity played an important role during evolution of the SADC, as documented by the presence of coarse-grained sedimentary layers.
• Geochemical properties clearly set apart the less alkaline USC from the more alkaline LSC units.
• The limited Sr-Nd isotopic data are homogeneous and relatively primitive (ε 
